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础。我们进一步表达并纯化了活性 EV71 2A 蛋白，为与共价抑制剂的共晶以及
酶活测验等提供前体。该进展为研究 EV71 相关疾病的治疗药物改进和开发奠定
了重要基础。 




















Hand, foot and mouth disease (HFMD) is an acute infectious disease caused by 
enteroviruses mostly for children under 5 years old. The most common viruses for 
HFMD are Coxsackie A16 (CVA16) and Enterovirus 71 (EV71). It is generally 
believed that severe and fatal cases with neurological complications are caused by 
EV71.  
2A protease is an essential enzymes for the mature and infection of EV71. It can 
process the polyprotein produced in the virus life cycle, suppress the host innate 
immune responses, promote the replication of the viral genome and protein translation, 
induce cell apoptosis and so on. 2A protease is an important target for the 
development of drugs for treating HFMD. Up to date however there is no specific 
inhibitors for 2A protease. 
In this thesis, we use the methods of molecular and structural biology to solve 
the high-resolution structure of EV71 2A (C110A) protease. Small molecule that can 
bind at the active pockets was obtained by virtual screening and fragment-based 
technology. The techniques of saturation transfer differential spectrum (STD) of 
Nuclear Magnetic Resonance (NMR), bio-layer interference (BLI) and other methods 
were employed to verify the compound interaction with the protease. The active 2A 
protease was also obtained, providing a basis for the crystallographic studies of 
covalent inhibitors. These study sets a foundation for the drug development targeting 
EV71 related diseases.  


















手足口病（Hand, foot and mouth disease, HFMD）是由多种小 RNA病毒科
（Picornaviridae）中肠道病毒属引起的以手足口出现水泡为特征的一种全球高传
染性疾病[1]，以婴幼儿发病为主。病原学表明 CVA16（Coxsackievirus A group 









图 1-1 手足口病临床症状 
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根据国家卫生计生委疾病预防控制局统计，从 2007年到 2016 年的手足口病
疫情如表 1-1所示。 
 
表 1-1 2007-2016年手足口病在大陆地区报告的发病和死亡统计 
Table 1-1 HFMD morbidity and mortality statistics report in mainland 
China area from 2007 to 2016 
年份 发病数 死亡数 
2007 83,344 17 
2008 488,955 126 
2009 1,155,525 353 
2010 1,774,669 905 
2011 1,619,706 509 
2012 2,168,737 567 
2013 1,828,377 252 
2014 2,778,861 501 
2015 1,997,371 129 





手足口病的主要致病原包括肠道病毒 71 型（EV71）、柯萨奇病毒 A 组
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等 20多种，其中以 CVA16和 EV71最为常见，成为主要病原体，近年这两种病
毒的感染交替出现，如 2010 年在该阳性病例中 EV71 占 82%，2011 年 CVA16
占 51%。现在又不断有新的致病原出现并流行[7]。  
据统计在有实验室诊断的近六十万 HFMD 病例中，EV71 约占 45.0％，
CVA16约占 25.0％，而且在导致伴随神经系统并发症的致命性手足口病病原中，
内地流行的 EV71 C4a 基因亚型是绝对优势亚型。因为 EV71可造成手足口病中







居多（4 月到 8月），在湿热条件下病毒会急剧增多，发病率也增加[11]。 
虽然由中国食品药品检定研究院和中国医学科学院生物研究所研发了灭活
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